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IL J Letter to Dr. Mead^ Coll. Med. Lond. €r Soc. 
^eg. S. concernhtg an Experiment^ whereby it 
has been attempted to fhem the faljtty of the 
common Opinion^ in relation to the jorce of bo- 
dies in Motion, !By Henry Pemberton, MP. 

Sir, 

Erufittg tbe Learned Polenm's Trad de Caftellis^ 

you were pleafed to fend me; I have found in it 

feveral curious Experiments, among which I reckon that 
of Jetting Globes of equal Magnitude, but of different 
weights, fall upon a yielding Subftance, as Tallow, 
Wax, Clay or the like, from heights reciprocally pro- 
portional to the weights of the Globes. This Experi- 
ment engaged in particular my Attention, as it is 
brought with defign to overturn one of die firft Princi-- 
pies eftabliflb'd in Natural PhiIo(ophy. And the Know- 
ledge I have of your great Efteem for that part of 
Science, emboldens me to trouble you with my 
Thoughts upon this Experiment ; for 1 cannot by any 
means admit of the Dedudtion that is drawn from 
thence, that becaufe the Globes make in this Experi- 
ment equal ^mpreffions in the yielding Subftance, there- 
fore they ftrike upon it with equal force: whereby it is 
attempted to prove the Aflertion of Mt* Leibnitz, that 
the force of the fame Body in defcending is proportional 
to the height from whence it falls; or, in all Motion, 
proportional to the >5quare of the Velocity, and not 
proportional to the Velocity it felf, as is commonly 
thought. On the contrary, I think this very Experi- 
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ment proves the great unreafonablenefs of Mr, Leihitz's 
Notion. 

I am furpri2:'d, that fo careful a Writer as Pdems 
api^ars to be, from the accuracy wherewith he deli- 
wrs his Experiments, fliould not rather fufpefi his rea- 
foniogio an intricate Cafe, than thus contradict aPrin^ 
ciple m Philofophy, that has been dire^ly prov'd by a 
multitude of Experiments, in particular by thole 
Sir Ifam Nemm recommends for that purpofe f^) ; md 
that is moreover abundantly eftablifh'd by its exacfl 
Agreement with all Obfervations ; as being the Princi* 
pie upon which all appearances, hitherto obfcrved in 
the motion of Bodies, are accounted for by juCl and 
undeniable Arguments 5 and we fliall find on Inquiry, 
that the prefent Cafe comes alio under the fame 
Eule. 

As the ufc of Experiments in Natural Philofbphy is 
fodifcover the Caufes of Things, by exhibiting more 
fimple Efieds of thofe Caufes, than occur in the ordi* 
nary courfe of Nature; fo for this end it is neceffa* 
fy, that our Argumentation upon Experiments be per- 
fedly juft, otherwife they may lead us into Errors. 
The firft thing necellary for making right Ded unions 
from an Experiment, is to determine the proper ufe 
thereof! which I think in this before us is not rightly 
underftood. Certainly this Experiment of P^iems is 
much more fit to inform us of the Law, by which thefe 
yielding Subftanccs refill the motion of Bodies ftriking 
upon ihem, than to Ihew the forces, with which Bodies 
llf ike ; for whatever thofe forces be, the Eiec^s muft 
be very different, according to the Di^rence there 
may be in the Rule obferved by fuch refiftance. 



is) Frincip. PMIof. Nat.^. i^. 

Now 



(19 ) 

Now this Experiment fhews, that if two Globes in 
Motion bear againll: equal Portions of the yielding 
Subftance, the Oppoficion, that Subflance makes ro 
the Motion of the Globes, will be the fame in both: 
however different the Velocities be, with which ihey 
move' This I Iball demonihate as follows. 

Let A and B be two Globes, equal in Magnitude, 
but of different Weights, which are equally immerfed 
into a yielding Subftance. Suppofe the Velocities, with 
which they move in their prefent Situation, to be reci- 
procally in the Subduplicate ratio of the Weights of 
the Globes ; that is, let the ratio of the Weight of the 
Globe A to the Weight of the Globe B^ be Duplicate of 
the ratio of the Velocity of the Globe B, to the Velo* 
city of the Globe A Since therefore the ratio of the 
quantity of Motion in the Globe Aj or of the force 
with which it moves, to the quantity of Motion in the 
Globe B, or to the force with which that Globe moves, 
is compounded of the ratio of the Weight of the Globe 
A, to the Weight of the Globe B^ and of the ratio of 
the Velocity of the Globe A^ to the Velocity of the 
other Globe B^ the force, with which the Globe d 
moves, is to the force, with which the G obe B moves, 
as the Velociry of this Globe B, to the Velocity of the 
other Globe A. But if the fame Oppofition be made 
to the Motion of the Globes, when they bear upon 
equal Portions of the yielding Subftance, the Effed: of 
that Oppofition, while the Globes enter farther into the 
Subftance by equal Spaces, will be proportional to the 
time, in which the Globes are moving thofe Spaces, 
or in which the Oppofition is made, if w^e confider 
thofe Spaces while nafcenc or in their firft Origine; 
the EffccSl therefore of this Oppofition will beVecipro- 
cally proportional co the Velocity of each Globe." 
namely, the momcntancous lofs of force in the Globe 
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A will be to the momentaneous lofs of force in the 
Globe B, as the Velocity of the Globe 5, to the Velo- 
city of the Globe A ; and the whole force of the Globe 
A has been found to bear the fame rath to the whole 
force of the Globe B ; confequently thefe Globes, 
while they penetrate equal Spaces into the Subftance, 
loie parts of their force, which bear the fame pro* 
portion to the whole .• and therefore, if their Velo- 
cities be at any time reciprocally in the Subduplicate 
ratio of their Weights, (b that the forces or degrees of 
Motion, with which they move, be reciprocally pro- 
portional to their Velocities, the forces, with which 
they prefs into the yielding Subflance, at equal In- 
dentures made in the Subftance, will continue in the 
fame Proportion j and therefore upon the Theory of 
Refifiance here fuppofed, when the whole Force and 
Motion of both thefe Globes is entirely loO:, they 
will be plunged into the Subftance at equal Depths. 

Now whereas in the Experiment of Poknus, the 
Globes, falling from Heights reciprocally proportional 
CO their Weights, flrike upon the yielding Subftance 
with Velocities reciprocally in the Subduplicate pro- 
portion of their Weights, and the Efied: is in all 
Cafes found to be, what is here deduced from the 
Theory of Refiftance, 1 have propofed ; it is a fuf- 
iicient Confirmation of the Truth of this Theory. 

Only here, Sir, I ought to obferve to you, That I have 
fuppofed the Globes to beflopt by the whole Refifiance 
of the Subftance, they move againft; although in ftricl- 
iiefs they are ftopt only by the excefs of that Refi- 
ftance above the Acftion of Gravity upon them. But 
I have negleded the Confideration of the Adion of 
Gravity, that being but fmall in Proportion to the 
Refiftance, as will appear from the Globes being 
much more fpeedily ftopt by this Refiftance, than 
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they would be by the Adion of Gravity, if \t% force 
were apphed upwards 5 for by that force alone, the 
Globes would not be ilopr, till they had meafured 
Spaces equal to the heights above the refifling Subftance, 
from whence they fell ; which heights bear a great Pro* 
portion to the depths, the Globes in this Experiment 
are immerfed into the yielding Subftance, as I have 
found upon trial 

Thus, i^ I miftake not^ may be removed the Difficul- 
ty attending this Experiment. But as Mr. Leih^itzs 
Opinion is deduced from it by Means of this Axiom, 
that Effeds are proportional to their Caufes ; fo that 
here the Effeds being thought the fame, the Caufes 
are concluded to be To likewife ; it will not be a- 
mifs to mention in this place an Experiment, where 
this Axiom may bs more jndly applied, than it can be in 
our prefenc cafe, from which Experiment the received 
Opinion may be proved. This Experiment is men- 
tioned by Pol ms from Mcrfenms^ though tried by him 
lomevvhat rudely; but has been often fince made in 
the following manner. To one end of the Beam of 
a Ballance is hung a Weight, and from a proper 
height Is hi fall upon the other extremity of the 
Beam another Weight, which by llriking thereon 
iliall raife the end, to which the Weight is (ufpended, 
to fuch a height, as is juft fufficient to fet free a cer- 
tain Spring. If then a different Weight be hung in 
the room of the former; the height, from whence the 
fallingWeight muft defcend5in order to raife the Extremi- 
ty of the Ballance, to which this other Weight is fufpend- 
ed, to the fame height as before, that is, high enough 
to fee the forementioned Spring at hbercy, is found to 
be fuch, that the Velocity, with which rhe falling 
Weight flrikes upon the Ballance, in this latter Cafe, 
will be to its former Velocity, as the latter Weigi c 
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to the former, Y^) cxcepi; only that, agreeably to what 
Merfemus himkk remarked i when ih^ Weight defcends 
from great heights, an Altitude fomewhat greater than 
this Rule implies is required to raife the other Weight 
as much as is defircd. But whether the bending of the 
Arm of the Ballancei when aded upon with a great 
force, or whether any increafe of Fridion in this Cafe, 
occafion the Irregularity here mentioned, we need not 
ftriftly enquire i for this Irregularity is yet kfs recon- 
cileable with the new Opinion, than the reguiai: 
Effeds of the Experiment. Hence therefore we may 
fee, that the very Method of reafbning, which being 
applied erroneouily, is fuppofed to prove Mr. Leihitzs 
Sentiment concerning the force of Bodies in Motion j» 
will, when juftly uled, confirm the other Opinion in 
relation to that Matcer. 

But as I haveafTerted in the beginning of this Letter, 
that the very Experiment of Polems is not only recon- 
cileable to the common Doctrine of Motion, as I have 
now demonfirated ; but even that it does it f^lf make 
manifeft the great unreafonablenefs, if not the abfolute 
Abfurdity, of Mr. Leihitzs Opinion; it remains that 
1 briefly make proof of this. 

If two Globes A and fl, of equal Magnitude but 
of different Weights, ftriking on a yielding Subilance 
w^ith equal force, in every Cafe lofe all their Moti- 
on at equal Depths, it is neceflary that at all times^ 
during their Motion, they lofe equal Degrees of force, 
when they bear upon equal Portions of the Subftance, 
in entring equal Spaces into the Subftance. This will 
be eafily ken from what has before been faid. Now 
whereas Mr. Leibnitz fuppofes the power of Gravity to 
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give to the fame falling Body Degrees of force pro- 
portional to the height from whence it falls; accord- 
ing to his Opinion, by the power of Gravity, equal 
Degrees of force are added in the defcent of the 
fame Body through equal Spaces j and in different 
Bodies defcending through equal Spaces, the Degrees 
of force added will be as the quantity of Matter, or as 
the weight of each Body. Therefore while the Globes 
^ and B penetrate equal nafcent Spaces into the yield- 
ing Subftance, by the Adion of Gravity, were nor that 
Adion overcome by the Refiftance of that Subftance, 
additional Degrees of force would be communicated 
in (uch proportion, that the force added to the Globe 
^, would be to the force added ro the Glebe B^ as 
the weight of the Globe A, to the weight of the 
Globe B, or in the Duplicate rath of the Velocity 
of the Globe B, to the Velocity of the Globe -r^. 
But iince the Globes lofe the fame Degrees of force 
in entring equal Nafcent Spaces into the yielding Sub- 
ftance, the Effe<9: of the Oppofition made by this 
Subflance to the Motion of the Globes, during the 
time of their pafling through fuch Nafcent Spaces, will 
be both the taking from them that fame Degree 
of force, and moreover the additional force, which 
would otherwife have been given them by their 
own Gravity. But farther, the Opposition made to 
the motion of the Globe A, to the Oppofition 
made to the motion of the Globe B, will be in the 
ratio compounded of the ratio of the Effed: of the 
Oppofition, the Subllance makes to the motion of 
the Globe A, to the Effed of the Oppofition, the Sub- 
ftance makes to the morion of the Globe B, and of 
the ratio of the Time, in which the Oppofition is 
made againft the latter Globe, to the Time in which 
it is made againll the former ; which latter ratio is (he 
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fame with the ralio of the Velocity of the Globe -^, to 
the Velocity of the Globe B, But fince it is flievvn, that 
the EfTed of the Oppofition made by the yielding Sub* 
(lance to thefe Globes is two-fold, and that one part 
of the Effeiil of the Oppofition made to the motion of 
the Globed, is equal to one part of the EiTcdJ of the 
Oppofition made to the motion of the Globe B; and 
that another part of the Effed of the Oppofition 
made to the motion of the Globe J, to another pare 
of the Effed: of the Oppofition made to the motion 
of the Globe S, is in the Duplicate ratio of the Velo- 
city of the Globe B^ to the Velocity of the Globe 
^. One part of the Oppofition it felf made to the 
motion of the Globe /^, will be to one part of the 
Oppofition againfl the motion of the Globe B, as the 
Velocity of the Globe A. to the Velocity of the Globe 
B, and another part of the Oppofition to the motion of 
the Globe A, to another part of the Oppofition to the 
motion of the Globe By will be as the Velocity of the 
Globe B, to the Velocity of the Globe A. So that 
when the Globes bear upon equal Portions of the yield- 
ing Subftance, the Oppofition to their Motion will be 
in part as the Velocity of the Globes, and in part 
reciprocally as their Velocity. Hence, becaufc the re- 
filling Subftance is of an uniform Texture, the Oppo- 
fition to the Motion of either of the Globes in its pre* 
fent Situation, and when moving with its prefcnt Velo- 
ciry, Will be to the Oppofition it would meet with in 
the fame Situation, if it moved with any ether Vdoci» 
ty, partly as the prefcnt Velocity to thai other Velo- 
city, and partly as that other Velocity to the prefcnt. 
But by that part of the Oppofition made againft the 
motion of the Globe, which is diret^My as the Veloci- 
ty, the Globe can never be wholly ftopt ; for upon 
the (lopping of the Globe, that part of the Oppon- 
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tion to its Motion will likewife totally ceafe^ and con- 
iequently the Gjobe'^s Weight will carry it forcher 
down, unlets the other part of the Oppofition agaiill 
its Motion prevent it. But I fay again, neither can 
this latter part of the Cppolltion made to its Mocion 
be ever great enough to flop the Globe ; for the 
Degree of this Oppofition being reciprocally as the 
Velocity of the Globe, when the motion of the 
Globe is wholly taken away, it will become iafiuire- 
ly greater, than at any time, while the Globe is in 
Motion; fo that when the Globe fliould be flopt by 
this part of the Oppofition made to its Motion^ the 
Oppofition to the Globe's Motion will become infinite- 
ly great > infomuch, that no Degree of force whatever 
could be able to impel the Globe further into the Sub- 
jftance, but this can never come to pafs. Befides, it 
is not neceflary to apply any fuch refined Argument 
againft this part of the Refiftance; it would be alone 
fufficient to confider, how unreafonable a Suppofition 
it is, that a Refiftance fliould increafe, when the Ve- 
locity of the refifted Body decreafes* 

Thus may this Experiment be made ufe of to inva- 
lidate that very Opinion it is brought to fupport* 
But another ufe may likewife be made thereof: For it 
will ferve to illuftrate what the great Sir /[sac Newton 
has more than once hinted, that the Refiftance of 
Fluids, which arifes from the Tenacity of their i'arts, 
decreafes in a le(s Proportion than the Velocity of the 
refifted Body decreafes (d)\ for as this Refiftance bears 
a great Analogy to the Refiftance of the yielding Su!> 
ftances we have been here treating of, Co we have 
found, that the Refiftance of thefe Subftances does 



(4 Vid. Philof, Nat. Princip, Math, Prop, 52, lib. 2. in Schol. 
Opticks. Qu. 28. p. 3g9, 340. 
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not much depend upon the Velocity of the Body, 
againft which the Refiftance is applied. 

And thus, Sir, we may fee how all Experience con- 
ipires in confirming and fecting forth that liupendi- 
ous force of reafoning, which has enabled our great 
Philofopher moft llirprizingly to fearch out, and dL 
ftinguiih the Springs of Natural Operations; a Work 
infinitely more difficult to accomplifh than even the 
great Improvements he has made in pure Mathematicks, 
which were previoufly neceiiiry in order to hisfucceeding 
in his Searches after the Knowledge of Nature ; for in 
this laft Purfuit he has given Proof, not only of a more 
unbounded Invention, than is required in the fubrileft 
Geometrical Speculations ; buthasalfo there difcovered 
the greateft Difcernment, and moft confummate Judg- 
ment 5 fince in his Philofophical Writings, he has 
never been once impofed on by an Hypothefis, nor 
by any other of the various Fallacies, which my Lord 
Bacm in his M^mm Orgamn^ has reckon'd up as the 
Caufes, that had hindred the Improvement of the 
true Philofophy. 

But here I fhall put an end to this long Letter ;,for 
thfe Freedom of which, I know, I need make no 
Apology to you, Sir, of whole great Candour I have 
for fome Years paft been a conftant Witnefs 1 and as 
I have frequently admired, how amidft the vaft Em- 
ployments of your Profeflion, you Ihould find time to 
purfue with fo great Succefs fuch various forts of 
Learning i fo I have as often been delighted to ob* 
ferve with what Benignity you receive thofe, who have 
made any the leaft part of ufeful Knowledge their 
Study. 

/ am^ Sk, i&c* 
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POST-SCRIPT 

A Bout a Week after I had km you the Letter* 
containing my Obfervations on Polems*s Experi- 
ment, I had the good Fortune to hear an excellent and 
learned Friend of yours, to whom you had been 
pleafed to (hew my Letter, give a very curious and 
weighty At gummt to conBrm Sit If aac Nem on s Senti- 
ment in relation to the Refiftance of Fluids, which I 
had deduced from the above mentioned Experiment ; 
and as this very much pleafed me, I ftiall here endea- 
vour to fend you an Account of it in the following 
manner .• 

Suppofe pieces of fine Silk, or the like thin Sub- 
fiance, extended in Parallel Planes, and fixt at fmall 
Diftances from each other. Suppofe then a Globe to 
flrike perpendicularly againfl the middle of the outer- 
mofl of the Silks, and by breaking through them to 
lofe part of its Motion. If the pieces of Silk be of 
equal Strength, the fame Degree of force will be re- 
quired to break each of them ; but the Time, in which 
each piece of Silk refifts, will be (o much fhorter as 
the Globe is fwifter ; and the lofs of Motion in the 
Globe confequent upon its breaking through each Silk, 
and furmounting the Refiftance thereof, will be pro- 
portional to the Time, in which the Silk oppofes it- 
felf to the Globe s Motion ; infomuch that the Globe 
by the Refiftance of any one piece of Silk will lofe 
fo much fefs of its Motion as it is fwifter. But on the 
other Hand, by how much fwifter the Gl<>be moves, 
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fo many more of the Silks it will break through in a 
given Spaee of Time; whertce the ncimber of the 
Silks, which oppofe themfelves to the Motion of the 
Globe in a given Time, being reciprocally proportio- 
nal to the EfFedl of each Silk upon the Globe, the 
Refiftance made to the Globe by thefe Silks, or the 
lofs of Motion, the Globe undergoes by them in a 
given Time, will be always the fame. 

Now if the Tenacity of the Parts of Fluids ob- 
ferves the fame Rule as the Cohefion of the Parts of 
thefe Silks ; namely. That a certain Degree of force 
is required to feparatc and difunite the adhering 
Particles, the Refiftance arifing from the Tenacity of 
Fluids muft obferve the fame Rule as the Refiftance of 
the Silks, and therefore in a given Time the lofs of 
Morion, a Body undergoes in a Fluid by the Tenacity 
of its Parts, will in all Degrees of Velocity be the 
fame; or in fewer Words, that part of the Refiftance 
of Fluids, which arifes from the Cohefion of their 
Parts, will be Uniform* 
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